Background
websites of relevant organizations. We followed standard systematic review methodology for the selection, data abstraction, and risk of bias assessment. We assessed the quality of evidence using the GRADE approach.
Results
Of 14,309 identified citations from databases and organizations' websites, we identified four eligible studies. Two studies used mixed-methods, one used quantitative methods, and one used qualitative methods. The available evidence suggests that information coordination between bodies providing health services in humanitarian crises settings may be effective in improving health systems inputs. There is additional evidence suggesting that management/directive coordination such as the cluster model may improve health system inputs in addition to access to health services. None of the included studies assessed coordination through common representation and framework coordination. The evidence was judged to be of very low quality.
Conclusion
This systematic review provides evidence of possible effectiveness of information coordination and management/directive coordination between organizations, agencies and bodies providing or financing health services in humanitarian crises. Our findings can inform the research agenda and highlight the need for improving conduct and reporting of research in this field.
Background
Over the past years, man-made and natural disasters have affected large numbers of people worldwide. Considering refugees as an illustrative example, there were 10.4 million refugees and 28.8 million internally displaced people (IDP) worldwide at the beginning of 2013 [1, 2] . The Middle East and North Africa (MENA) region is currently witnessing the largest increase in the number of displaced people mainly due to the armed conflict in Syria. More than 2.5 million Syrian refugees are distributed across Lebanon, Iraq, Jordan, Turkey and Egypt. Lebanon is hosting the largest number, with 1,173,617 Syrian refugees registered in Lebanon as of October 2014 [3] . Populations affected by displacement across and within international borders face high morbidity and mortality [4] .
A number of local and international non-governmental organizations (NGOs), United Nations (UN) agencies and governmental bodies and agencies provide humanitarian, including medical and health assistance to displaced people. However, the limited coordination between these organizations and agencies can lead to inefficiencies, duplication in service delivery, and inequity. Geographic inequalities can occur as a result of lack of coordination through the targeting of assistance to favored areas and populations. Confusion may also be caused by differences in donor policies and preferences [5, 6] .
The SPHERE project, which aims to improve the quality of the actions of humanitarian NGOs during disaster response, stresses the principle of coordination [7] . Coordination is crucial in humanitarian emergencies. Improved coordination among organizations providing humanitarian aid can enhance the flow of resources and increase the accountability, the effectiveness and the impact of relief efforts [8] .
The UN General Assembly resolution 46/182 set the basis of the current international humanitarian coordination system in December 1991. In the Humanitarian Reform of 2005, new elements to improve capacity, predictability, accountability, leadership and partnership were introduced. The creation of the Cluster Approach was the most visible aspect of the reform. Clusters are groups of humanitarian organizations working in the main sectors of humanitarian assistance, e.g. shelter and health, when there are humanitarian needs within a sector and when numerous actors within sectors and national authorities need coordination support. Clusters create partnerships between actors working in providing humanitarian assistances such as international humanitarian organizations, national and local authorities, and civil society [9] .
A recent priority-setting exercise by the "Evidence Aid Priority Setting Group" identified the coordination of humanitarian interventions among the top ten priorities for systematic reviews in the area of planning for or response to disasters, humanitarian crises and other major healthcare emergencies [10] . Similarly, the Center for Systematic Review for Health Policy and Systems Research (SPARK) at the American University of Beirut in Lebanon, held in January 2014 a priority setting exercise addressing this issue in the specific setting of refugee health. The discussions suggested that the limited coordination between organizations and agencies delivering health services to refugees is the main problem hindering their work and leading to duplication and inefficiency in the delivery of those services. The stakeholders participating in the meeting were actively engaged in framing and specifying the objective of this review [11] .
Objective
The objective of this review was to assess how, during and after humanitarian crises, different mechanisms and models of coordination between organizations, agencies (UN and others) and governmental bodies providing or financing health services compare in terms of access to health services and health outcomes.
Methods

Protocol and registration
We registered a protocol for this review in the PROSPERO prospective register of systematic reviews under registration number PROSPERO 2014:CRD42014009267 and available from http://www.crd.york.ac.uk/PROSPERO_REBRANDING/display_record.asp?ID= CRD42014009267.
Definition and classification of coordination
We used the following definition of coordination in humanitarian crises: "the systematic use of policy instruments to deliver humanitarian assistance in a cohesive and effective manner. Such instruments include strategic planning, gathering data and managing information, mobilizing resources and ensuring accountability, orchestrating a functional division of labor, negotiating and maintaining a serviceable framework with host political authorities and providing leadership" [12] . We used the classification of coordination proposed by the Joint Evaluation of Emergency Assistance to Rwanda, which consists of four broad categories: information coordination, coordination through common representation (for example, for negotiating access, briefing the media, negotiating funding), framework coordination (requiring a shared sense of priorities) and management/directive coordination [13] .
Eligibility criteria
-Types of studies designs: randomized; non randomized; process evaluations studies and qualitative methods -Types of population: UN agencies, local and international organizations and agencies including NGOs, governmental agencies and bodies -Setting: individuals, groups, and communities during and after humanitarian crises. Examples of these crises include war, earthquake, and tsunami -Types of interventions: mechanisms and models of coordination between organizations and agencies providing or financing health services. These could consist of one or more of the four categories of coordination mentioned above: information coordination, coordination through common representation, framework coordination and management/directive coordination -Types of outcomes of measure:
-Health outcomes of the affected population -Health outcomes of the host community -Access of the affected population to health services -Access of the host community to health services -Impact on health systems input
Search strategy
We searched the following electronic databases: Medline, PubMed, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), Cumulative Index to Nursing & Allied Health Literature (CINAHL), PsycINFO, WHO global Health Library (S1 Appendix). The search range was from the database date of inception till March 2014. Screening of the reference lists of included studies was also conducted to retrieve additional studies. S2 Appendix provides the free text terms and MeSH terms used to search the different electronic databases. We did not restrict the search to specific languages or dates. In addition, we systematically searched in July 2014 the websites of the following organizations providing humanitarian interventions in the setting of crisis and conflicts: United Nations High Commissioner for Refugees (UNHCR), United Nations Office for the Coordination of Humanitarian Affairs (UN OCHA), International Organization for Migration (IOM), Centers for Disease Control and Prevention (CDC), Médecins sans frontières (MSF), International Medical Corps (IMC), Médecins du Monde (MDM), and United Nations Relief and Works Agency for Palestine Refugees (UNRWA). We used 'coordination', 'cooperation' and 'collaboration' as the search terms (S3 Appendix). We did not restrict the search to specific languages or dates.
Selection process
Before starting the selection process, we conducted calibration exercises for all reviewers. We imported the results of the electronic databases search results into Endnote X7 and removed duplicates. We conducted the selection process of those results in two stages: -Title and abstract screening: teams of two reviewers used the above eligibility criteria to screen titles and abstracts of identified citations in duplicate and independently for potential eligibility. We got the full text for citations judged as potentially eligible by at least one of the two reviewers.
-Full-text screening: a team of two reviewers used the same eligibility criteria to screen the full texts in duplicate and independently for eligibility. At this stage, the two reviewers compared results and resolved disagreement by discussion. When consensus could not be reached, a third reviewer made the final decision. We used standardized and pilot tested screening forms.
-As for the selection of the results of the website search, one reviewer went through the titles of the search hits. We then obtained the full text of those identified as potentially eligible, and two reviewers screened them in duplicate and independently. Then, they compared their results and resolved disagreement by discussion.
Data abstraction process
Before starting the data abstraction process, we conducted calibration exercises to ensure the validity of the process. We used standardized and piloted data abstraction forms. Teams of two reviewers abstracted the data from eligible studies in duplicate and independently. Disagreements were resolved by discussion or with the help of a third reviewer when consensus could not be reached. Collected data included the following: type of study design, characteristics of the setting including the type of humanitarian crisis, date and location, population, the type of coordination and details about the mechanisms and models of coordination, types of health services provided or funded, funding, support and reported conflict of interest, outcomes assessed, statistical results and limitations of the study.
Risk of bias assessment
We planned on assessing the risk of bias of the included studies using: the Cochrane Risk of Bias tool for randomized trials, a modified version of the Cochrane Risk of Bias tool for nonrandomized studies, and the Critical Appraisal Skills Program (CASP) tool for qualitative studies.
Data synthesis
We calculated the agreement between reviewers for the assessment of study eligibility at the full text screening stage using Fleiss' Kappa coefficient. We used the following values to judge the degree of agreement: 0.21-0.40 for fair agreement, 0.41-0.60 for moderate agreement, 0.61-0.80 for substantial agreement and 0.81-1.00 for almost perfect agreement.
For the quantitative analysis, we planned to:
-Calculate the relative risk (RR) for categorical data, for each study; and the mean difference (or, when appropriate, the standardized mean difference) for continuous data for each study.
-Pool the results across studies using a random-effects model, and test results for homogeneity across studies using the I 2 test.
-Create inverted funnel plots of individual study results plotted against sample size in order to check for possible publication bias, if the number of identified studies allows.
-Report the results narratively.
For the qualitative analysis, we reported the results narratively and stratified them based on the type of emergency (e.g., war, earthquake, tsunami) and the type of intervention being considered (e.g., health clusters, health zones). We also reported the findings using the Joint Evaluation of Emergency Assistance to Rwanda Framework four categories: information coordination, coordination through common representation, framework coordination, and management/directive coordination [13] .
We assessed the quality of evidence using the GRADE approach [14] .
Results
Study selection
The study flow in Fig 1 summarizes the selection process. Out of 10,926 citations identified from electronic databases, four met the eligibility criteria [15] [16] [17] [18] . At the full text screening, we excluded 98 articles for the following reasons: not intervention of interest (n = 45), not design of interest (n = 38), not setting of interest (n = 8), and not outcome of interest (n = 7). Table 1 provides the list of excluded studies with reasons for exclusion. The level of agreement between the two reviewers at the full text screening phase was good (Kappa = 0.614).
Out of the 3383 hits identified from the websites search, 43 reports were related to coordination in health setting. None of the 43 reports met the eligibility criteria for inclusion in our study. Exclusion reasons involved the following: not design of interest (n = 18), not intervention of interest (n = 17), not outcome of interest (n = 4) and not setting of interest (n = 4) as shown in Table 2 .
Characteristics of included studies S1 Table provides the characteristics of included studies in terms study method, setting and population, types of coordination, and outcomes.
Study methods. Out of the four included studies, two used mixed methods (both quantitative and qualitative) [15] [18] , one used quantitative methods [16] and one used qualitative methods only [17] . Specific data collection methods included interviews (n = 3), field observations (n = 2), document analysis (n = 2) and content analysis of news reports (n = 1). None of the included studies employed a randomized controlled trial design. One study used network analysis to examine the coordination of relief efforts in humanitarian crisis [16] . This study used document analysis to construct the network. We did not conduct meta-analyses due to the lack of adequate quantitative data. Consequently, we reported the results narratively.
Setting and population. Three of the included studies took place in natural disaster settings: earthquake (n = 1) [15] , flood (n = 1) [16] and cyclone (n = 1) [18] . Only one study examined coordination in post-conflict setting [17] . The main actors involved in providing assistance in humanitarian crisis setting and experimenting coordination included UN agencies (n = 3), local NGOs (n = 4), international NGOs (n = 3) and governmental agencies (n = 3).
Types of coordination. The included studies tackled two types of coordination between organizations and agencies providing humanitarian assistance: (1) information coordination in the form of the use of information and communication technologies [15] ; and (2) management/directive coordination in the form of the humanitarian cluster approach [17] , or coordination zones and cells [18] . One of the included studies did not clearly detail the mechanism of coordination employed [16] . Moore et al. described coordination as the flow of information and resources in a network, the number and strength of ties that an organization has with other organizations, joint activities and operations, communication and coordination meetings. None of the studies examined the two other types of coordination: the coordination through common representation and framework coordination [16] .
Outcomes assessed. The included studies assessed the following outcomes:
-Access to health services measured as the association between coordination and number of beneficiaries [16] and as the number of health and medical care transactions [15] .
-Impact on health system inputs assessed as the availability of medical services, products and human resources [18] and effective provision and quality of health services [17] . This assessment was based on perceptions of respondents and basic evaluation of data.
Risk of bias assessment
Qualitative data: S2 Table shows the CASP assessment of the risk of bias of the three studies using qualitative methods. The three qualitative studies clearly stated the aim of the research and the value of research [15, 17, 18] . Two studies justified the way data is collected to address the research issue [15, 17] . Only one study took ethical issues into consideration [17] and one study considered the relationship between researcher and participants [17] . All studies reported and discussed their findings in an explicit way and in relation to other studies. Quantitative data: We were not able to assess the risk of bias of the three studies using quantitative methods given the poor reporting of the methods and findings, and the descriptive nature of the studies [15, 16, 18] .
In Table 1 , we assessed the main limitations of each study. For example, Celik & Corbacioglo did not adjust for confounding that might affect the health and medical care function [15] .
Findings
We have organized the findings according to the type of coordination, categorized according to the Joint Evaluation framework [13] . As stated above, we identified data on information coordination and management/directive coordination but not on coordination through common representation or framework coordination.
Information coordination. Access to health services: two studies assessed this outcome and the results were as follows: -Celik & Corbacioglo assessed the effect of information coordination particularly the use of information and communication technologies on disaster response performance measured using "emergency support functions and type of transactions". They found an increase in the number of support functions and transactions for health and medical care, which improved from 8.36% before to 9.49% after (statistical significance not reported). The investigators assessed the effects of communication and coordination on 14 other functions, and found positive impact on four of them. Of note, the function mostly impacted was the search and rescue function [15] .
-Moore et al. used the organization's "centrality" to estimate its specific potential for aid coordination. They measured centrality through the number and strength of ties that an organization has with other organizations. Next, the investigators studied how centrality affected the number of NGO beneficiaries. They found statistically significant unadjusted associations between high centrality and the number of beneficiaries in areas of food and water and sanitation. This was in the context of emergency projects but not in the context of recovery projects. Moreover, while health is cited as one of the sectors of interest, the investigators did not report health specific results [16] .
Management and directive coordination. Impact on health system inputs: two studies assessed this outcome and the results were as follows: -Landegger et al. examined the strengths and weaknesses of the humanitarian cluster approach in relation to sexual and reproductive health including gender-based violence sub-cluster in Uganda following 20 years of civil war. The investigators reported that the humanitarian cluster approach improved the coordination among organizations working in sexual and reproductive health. They also reported that mapping within the cluster helped in improving the understanding of the availability of sexual and reproductive health services. The investigators additionally reported that the gender-based violence sub-cluster harmonized their strategy, reduced duplication and encouraged more effective provision of services. The cluster approach was found to enhance the quality of services through a common approach for providers' training [17] .
-Rahman & Bennish described the coordination efforts in Bangladesh following a cyclone in 1991. The health response was shown to be effective in terms of "a huge increase in drug availability and medical manpower", and "much higher level of health services then they ever had before". Although they reported "no significant increase in post-cyclone morbidity and mortality", they did not provide data to support this conclusion [18] .
Access to health services: The coordination intervention assessed by Moore et al. also had components of management coordination. Findings of this study are detailed above.
Discussion
Summary of findings
We identified very low quality evidence suggesting that information coordination between organizations, agencies and bodies providing health services in humanitarian crises settings may be effective in improving health systems inputs. There is additional very low quality evidence suggesting that management and directive coordination such as the cluster model may improve health system inputs in addition to access to health services. We identified no evidence of effectiveness for the two other categories of coordination, i.e., coordination through common representation and framework coordination.
Research in the field
This review highlighted the limitations in the field of research in disaster and other humanitarian crisis settings. First, some of the included studies do not provide enough details about the coordination models being evaluated. These details could include the specific means by which the different organizations, agencies and bodies coordinated. For example, Rahman & Bennish provided detailed description of the model of coordination employed such as the agencies involved, the leading agencies and the establishment of coordination zones [18] . Such details are essential for organizations, agencies and bodies aiming to reproduce and implement these coordination mechanisms and models.
Second, not all coordination mechanisms and models have been assessed. As noted above, the included studies examined information and management coordination but none of them examined the other two forms of coordination, i.e., the coordination through common representation and framework coordination. This might be explained by the methodological challenges in assessing the two latter forms of coordination. The focus on information and management coordination maybe due to the fact that studies are assessing coordination in settings of rapid response to emergencies rather than response to chronic humanitarian situations.
A third limitation is the very low quality of the evidence provided by the available literature, weakening any inferences about effectiveness. None of the included studies used a controlled trial design as a way to minimize confounding or reported adjusting for confounding either. Similarly, the outcomes assessed in some of these studies were perceptions of respondents about effectiveness of coordination mechanisms, as opposed to the actual effectiveness.
Three of the four included studies examined coordination of relief efforts to sudden onset of emergencies such as earthquakes and natural disasters rather than in chronic humanitarian situations such as in the setting of armed conflicts and refugees. This makes the generalization of the findings to the latter situations more challenging.
Potential reasons for the limitations in the research work in this field include the acuteness and emergency nature of the subject, the lack of clear guidelines or standard on how to conduct and report studies in this field, and the scarcity of funding.
Indirect evidence
We have identified, although not systematically, indirect evidence for our topic. This indirect evidence assesses the effectiveness of coordination between organizations, agencies and bodies providing health services other than health in humanitarian crises. One example is the study by Oh et al. [19] . The investigators focused on the brokerage role of international agencies to facilitate collaboration and coordination among the large number of agencies that participate and interact in a response network. Findings from a network analysis concluded that the use of international agencies as brokers, when the international organization took central position in the network and served as leading agency, can enhance the competencies of the overall emergency response system by serving as channeling agencies for critical resources and information.
In another example, Tapia et al. examined two humanitarian information coordination bodies: the Large International NGO Coordination (LINC) and the Organizational Change for Emergency Alliance (OCEA) [20] . The coordinating body has a focus, such as sharing information through technologies, and serves both to build a network and common capacity between organizations and to host several projects. Its objective is to find mechanisms for the multiple humanitarian organizations to coordinate around information technology and management. The study found that coordination bodies can increase the efficiency of the NGOs work particularly in using their technological powers and are promising strategies in building trust and relationships among organizations.
Closer to our topic, but not well developed in terms of research methods for providing empirical evidence, are publications describing coordination models for refugee health. For instance, the authors of a rich description of inter-agency coordination of mental health and psychosocial support for refugees and people displaced in Syria [21] reflect on the challenges and lessons learnt. They highlighted the incompatibility of an on-line coordination forum in a predominantly oral culture where electronic services are regularly disrupted, and, despite these difficulties, the need for sharing regularly updated information about staffing and activities.
Strengths and limitations
To our knowledge this is the first systematic review of the effectiveness of coordination mechanisms and models between agencies and organizations providing health services in humanitarian crisis. The systematic review responds to priorities expressed by policymakers in the Eastern Mediterranean region and globally [7, 10, 11] . Furthermore, we conducted the review using standard, explicit, and rigorous methods [22] . Similarly, we followed recommended methods for reporting systematic reviews [23] . One of the major limitations of this systematic review, on the other hand, is that the findings are very limited in terms of quality and amount of evidence identified.
Implication for policy and research
Although the identified evidence for the effectiveness of coordination mechanisms and models is limited, it still can help policymakers and stakeholders address coordination dysfunctions during humanitarian crisis including duplication of activities, inequitable distribution of aid, and poor access to essential health services. Stakeholder organizations may secure better access to essential and urgent healthcare needs of affected people by improving management and directive coordination. In the case of the Syrian refugee crisis in Lebanon, strengthening the stewardship function of governmental departments is critical. This, in addition to having a lead organization that is capable of playing a major role by coordinating and establishing effective partnerships with local and international agencies, donors, and academic institutions and conducting monitoring and evaluation.
Given the gaps and limitations identified, our systematic review findings can also inform researchers, and funders working or interested in the field. Researchers are encouraged to conduct more and better-designed studies examining the effectiveness of different coordination mechanisms and models between different organizations and agencies providing health services in humanitarian crises. In addition, process evaluation type of studies would help with better understanding the reasons for successes and failures in this field. Funders are encouraged to support the production of such studies. Research studies are needed in this field to better inform decision-making of different stakeholders working in providing and financing health services in humanitarian crisis. The evaluation research would benefit from better collaboration between academic researchers and organizations working in the field. Researchers are also encouraged to develop guidelines for conducting and reporting studies on coordination mechanisms in disaster settings given the complexity of evaluating effectiveness in such field. In the case of the Syrian refugee crisis in Lebanon, there is a need to identify research priorities on refugee health, shape research agendas and support studies to produce knowledge that can fill existing gaps. This would help develop and implement evidence-based interventions and provide policy guidance to improve coverage and access to essential health services.
Lastly, leading humanitarian organizations and bodies need to partner with research institutions, researchers and funders during crisis in order to identify research priorities and conduct context-specific research to inform policy and decision-making. 
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